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Seed bank densities of 21 soil stabilizing species were measured in a shifting desert sand dune habitat to determine the effect of microhabitat
and stand age on soil seed viability and seedling development. Seventeen species displayed statistically significant differences in the numbers of
viable seeds present in soils from three microhabitats, namely dune crest, dune plinth and inter-dune basin. Five species had higher viable seed
banks on the dune crest, two species on the dune plinth and thirteen species in the inter-dune basin. Three species, namely Artemisia ordosica,
Caragana korshinskii and Hedysarum scoparium, exhibited significantly different numbers of viable seeds in soils from differently aged stands.
These findings provided valuable information on the dynamics of soil seed banks in soil stabilizing vegetation cultivated on mobile sands useful
for restoration and management projects.
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Soil seed banks are a reserve of viable seeds stored within the
soil matrix and an ecologically important component of
vegetation dynamics affecting both ecosystem resistance and
resilience (Chen, 1983; Skoglund, 1992;Willems andBik, 1998;
Larson, 1999; Lyaruu and Backeus, 1999; Putwain and Row-
land, 1990). In arid ecosystems, seed banks are characterized by
high spatial and temporal variability and are particularly affected
by age patterns of vegetation and spatial patterns of micro-
habitats (Coffin and Lauenroth, 1989; Crawford and Young,
1998; Guo et al., 1998; Bisigato and Bertiller, 1999; Wolters and
Bakker, 2002). In desert vegetation systems, seed banks have
important effects on the long-term survival of both individually
introduced species and assemblages, as they provide a source of
auxiliary recruitment propagules when unfavourable conditions
limit flowering and seed production (Fowler, 1988; Roberts,0254-6299/$ - see front matter D 2005 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2005.05.002
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E-mail address: mjy7106@hotmail.com (G. Wang).1992; Baskin and Baskin, 1998; Davis et al., 1999; Larson,
1999). Once a seed has left the parent plant, it is controlled by the
physical structure of the soil surface and external forces, such as
wind and runoff (Thompson and Grime, 1979; Winn, 1985).
Distribution patterns of seed banks can directly affect revege-
tation potential (Reichman, 1984; Skoglund, 1992; Milton,
1995; Larson, 1999; Lyaruu and Backeus, 1999; Rowland, 1999;
Pugnaire and Lazaro, 2000). Therefore, it is important to
understand the relationship between microhabitats and seed
bank characteristics.
The seed bank dynamics of artificial desert vegetation
ecosystems have received scant attention, especially in relation
to population age and microhabitat (Wang and Liang, 1995; Shi
et al., 1996). Different microhabitats have different effects on
seed bank composition and density; these features are
important for effective restoration of artificial desert vegetation
on shifting sand dunes characterized by highly eroded, well-
drained soils, making the vegetation particularly vulnerable to
disturbances such as drought, wind and burrowing (Fowler,
1988; Bisigato and Bertiller, 1999).any 72 (2006) 46 – 50
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between the microhabitat, stand age and seed banks of cultivated
sand-stabilizing plants. The following questions relevant for
restoration of dune ecosystems were addressed: (i) Do seed
banks of sand-stabilizing plants differ with microhabitat and
population age? (ii) Which plant species produce the largest
viable soil seed banks on shifting sand dunes?
2. Methods and materials
2.1. Description of the study site
The study site was the Chinese Academy of Sciences
Shapotou Desert Research and Experiment Station located on
the southeastern fringe of the Tengger desert (37-32VN, 105-02VE)
at an elevation of 1339 m in a transitional zone between desert
and oasis (Li, 1987; Li et al., 1998). The climate is arid, with an
annual average temperature of 9.6 -C and a prevailing
northwesterly wind with a velocity of 3.5 m/s. The annual
average rainfall is 180 mm with 60% of the rainfall occurring in
the period of July–September (Li, 1987). The natural vegetation
in the area is dominated by Hedysarum scoparium and Artemisia
ordosica. The herbaceous layer is mainly composed of Agrio-
phyllum squarrosum, Eragrostis poaeoides, Acroptilon repens,
Kochia scoparia, and Bassia dasyphylla, with a vegetation cover
of approximately 1% (Shi et al., 1996; Li et al., 1998).
2.2. Soil seed bank enumeration
Five vegetation zones of different ages (42, 35, 26, 18 and
12 years, respectively) were selected for this study, each
subdivided into three microhabitats (dune crest, dune plinth
and inter-dune basin). Six replicated 5 m5 m square plots
were randomized within each microhabitat within an area of
0.16 km2. From each plot, ten soil cores were collected in
September 1999 to a depth of 0–5 cm using a cylindrical soil
auger having a diameter of 6.8 cm and a volume of 181.5 cm3.
The soil samples taken from each plot were bulked, thoroughly
mixed and kept in a plastic bag under natural field condition
until their transport to the greenhouse for germination experi-
ments in April of the following year.
All seed bank viability measurements were performed in a
greenhouse under a natural photoperiod of 12–14 h and a mean
daily air temperature of 28T5 -C. The air-dried soil samples
were spread out in a 3-mm-thick layer on top of sand sterilized at
140 -C for 24 h contained in a 28 cm22.5 cm (diame-
terdepth) plastic pots with drainage holes. Pots were
randomized in the greenhouse and watered twice daily. Control
pots containing only sterilized sand were set alongside the
experimental pots to detect contamination by wind-dispersed
seeds. The numbers of seedlings of each species emerging from
each pot were recorded daily for a period of 3 months.
2.3. Statistical analyses
All seedling counts were loge transformed to reduce
inequality of variance in the raw data prior to statisticalanalysis. A single-factor analysis of variance was used to test
for significant differences in measured viable seed bank
densities between microhabitat and stand age. Significantly
different treatment means (P0.05) were separated using a
Duncan’s Multiple Range test. Three species, namely Artemisia
ordosica, Caragana korshinskii and Hedysarum scoparium,
were present in all different aged stands, and in these a 2-factor
analysis of variance was applied to test the main and interactive
effects of microhabitat and stand age on their viable seed bank
densities (Statsoft Inc., 1993).
3. Results
Statistically significant (P0.05) differences in the
numbers of viable seeds in soils of the three microhabitats
were observed in nine species in the 42-year-old stand, in
nine species in the 35-year-old stand age, in three species in
the 26-year-old stand age, in five species in the 18-year-old
stand age, and in seven species in the 12-year-old stand age
(Table 1).
In the 42-year-old stand, five species (Populus simonii,
Salix gordejevii, Salix psammophila, Caragana korshinskii,
and Hedysarum scoparium) displayed significantly (P0.05)
higher numbers of viable seeds from soils in the inter-dune
basin than in the dune plinth. Also noteworthy was the
absence of viable seeds of these species in soils from the
dune crest; this microhabitat is characterized by viable seeds
of only 3 species (Artemisia ordosica, Artemisia sphaeroce-
phala and Calligonum mongolicum) present at significantly
(P0.05) higher densities in soils of this than the other two
microhabitats.
In the 35-year-old stand, only one species (Artemisia
ordosica) had a high viable seed numbers in soils from the
dune crest but these did not differ significantly (P0.05) from
measured seed densities of this species in the other two
microhabitats. In this stand, only 4 of the 9 species displayed
significantly different numbers of viable seeds in soils from the
3 microhabitats. Viable seed numbers of Ammopiptanthus
mongolicus and Calligonum leucocladum were higher
(P0.05) on the dune plinth than inter-dune basin and vice
versa in Hedysarum scoparium and Atraphaxis bracteata
(Table 1).
In the 26-year-old stand, high numbers of viable seeds of
Artemisia ordosica were again measured in soils from the dune
crest, but these only differed significantly (P0.01) from
those in the inter-dune basin only. In contrast, Caragana
korshinskii seed densities in soils from the inter-dune basin
were significantly (P0.05) higher than those in soils from
the dune plinth and dune crest microhabitats (Table 1).
In the 18-year-old stand, numbers of viable seeds of
Calligonum rubicundum were significantly (P0.01) higher
and those of Caragana korshinskii, Hedysarum scoparium and
Tamarix hohenackeri significantly (P0.05) smaller in soils
from the dune crest than in soils from the dune plinth and inter-
dune basin (Table 1).
In the 12-year-old stand, viable seed numbers of both
Artemisia ordosica and Ceratoides ewersmanniana were both
Table 2
F-ratios from a two-factor analysis of variance which tested that main and
interactive effects of microhabitat and stand age on viable soil seed banks of 3
species present in the 3 different microhabitats and 5 different aged stands
Main effect (df) Artemisia
ordosica
Caragana
korshinskii
Hedysarum
scoparium
Microhabitat (2) 14.23** 7.15* 63.55***
Stand age (4) 13.13*** 7.94*** 8.73**
Microhabitat
Stand age (8)
2.57* 0.87 1.47
F-ratios indicating statistical significance at *P0.05, **P0.01 and
***P0.001.
Table 1
Average numbers of viable seeds msuper2T standard error of 21 species in three different microhabitats, namely dune crest (DC), dune plinth (DP) and inter-dune
basin (DV) in five different aged stands
Species/(life form) ICD
(no./100 m2)
Microhabitat F(df=2)
DC DP DV
Stand established in 1957 (42 years old)
Salix gordejevii (shrub) 25 0.0T0b 0.3T0.8ab 2.0T1.9a 5.34*
Salix psammophila (shrub) 50 0.0T0b 0.5T0.8b 1.6T1.6a 4.16*
Populus simonii (tree) 16 0.0T0b 3.1T2.9b 14.8T10.3a 10.69**
Artemisia ordosica (sub-shrub) 50 16.6T12.6 11.5T11.3 6.3T3.2 1.82
Artemisia sphaerocephala (sub-shrub) 50 22.1T9.4a 5.3T5.6b 11.8T9.0ab 6.581*
Calligonum mongolicum (shrub) 50 14.6T11.3a 1.8T2.7b 12.1T7.6a 4.70*
Caragana intremedia (shrub) 25 0.0T0 1.6T3.6 1.6T1.6 1.21
Caragana korshinskii (shrub) 16 0.0T0b 0.0T0b 1.1T1.3a 4.62*
Hedysarum scoparium (shrub) 50 0.0T0b 0.6T1.0ab 1.8T1.7a 5.74*
Stand established in 1964 (35 years old)
Artemisia ordosica (sub-shrub) 50 27.0T17.5 16.5T9.0 12.5T5.3 2.73
Caragana korshinskii (shrub) 16 0.0T0 1.0T1.5 1.6T1.9 2.16
Hedysarum scoparium (shrub) 50 0.3T0.8b 1.5T2.5b 3.8T2.9a 4.86*
Ammopiptanthus mongolicus (sub-shrub) 50 0.5T1.2b 9.6T4.4a 3.0T3.2b 17.29***
Atraphaxis bracteata (sub-shrub) 50 0.8T1.3b 0.3T0.8ab 3.1T2.6a 4.39*
Calligonum leucocladum (shrub) 50 2.8T3.8b 9.0T3.0a 1.3T2.1b 8.54**
Halimodendron halodendron (shrub) 50 1.8T4.4 4.3T5.6 8.1T6.4 2.14
Hedysarum fruticosum (shrub) 25 0.0T0 0.5T1.2 2.8T2.6 4.04
Periploca sepium (shrub) 25 0.0T0 0.3T0.8 2.6T3.5 2.64
Stand established in 1973 (26 years old)
Artemisia ordosica (sub-shrub) 50 43.0T17.8a 28.5T6.6ab 14.3T5.5b 9.45**
Caragana korshinskii (shrub) 16 0.8T1.3b 1.6T2.2b 3.1T2.9a 6.34*
Hedysarum scoparium (shrub) 50 0.1T0.4 1.3T1.2 2.5T2.6 3.10
Stand established in 1981 (18 years old)
Artemisia ordosica (sub-shrub) 50 40.6T21.0 31.1T8.9 18.1T9.3 3.22
Caragana korshinskii (shrub) 16 1.1T2.4c 3.8T3.3b 6.3T4.9a 5.37*
Hedysarum scoparium (shrub) 50 0.8T1.3b 5.8T2.7a 7.3T3.5a 9.34**
Calligonum rubicundum (shrub) 50 25.8T8.0a 3.6T4.9b 11.3T10.3b 11.58**
Tamarix hohenackeri (shrub) 25 0.0T0b 0.3T0.8b 4.6T4.5a 6.35*
Stand established in 1987 (12 years old)
Artemisia ordosica (sub-shrub) 50 52.1T26.1a 29.3T11.2b 3.8T4.3c 12.68**
Caragana korshinskii (shrub) 16 5.1T4.9 4.5T4.8 6.0T3.8 0.19
Hedysarum scoparium (shrub) 50 3.1T2.6b 6.5T3.9ab 8.6T4.9a 5.76*
Atraphaxis pungens (sub-shrub) 25 0.0T0b 0.6T1.2b 3.0T2.5a 6.70*
Caryopteris mongholica (sub-shrub) 25 0.0T0b 0.5T0.8b 3.3T2.5a 9.43**
Ceratoides ewersmanniana (sub-shrub) 25 4.3T2.8a 0.5T1.2b 1.0T1.6b 6.03*
Ephedra przewalskii (sub-shrub) 25 0.0T0b 0.3T0.8b 4.1T2.7a 13.21***
The initial cultivated densities (ICD, no./100 m2) of each species in the different aged stands at establishment were also presented. F-ratios indicating statistical
significance at *P0.05, **P0.01 and ***P0.001. Mean values with the same letters not significantly different ( P >0.05).
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in those from the dune plinth and inter-dune basin. Of the
remaining five species, four (Hedysarum scoparium, Atra-
phaxis pungens, Caryopteris mongholica, and Ephedra prze-
walskii) displayed significantly higher (P0.05) numbers of
viable seeds in soils from the inter-dune basin than in those
from the dune crest and dune plinth (Table 1).
The two-factor ANOVA indicated significant (P0.05)
main effects of both microhabitat and stand age on viable soil
seed banks of Artemisia ordosica, Caragana korshinskii and
Hedysarum scoparium, but a significant (P0.05) interaction
between microhabitat and stand age on viable seed numbers of
Artemisia ordosica only (Table 2). This interaction indicated
progressively greater numbers of viable Artemisia ordosica
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Fig. 1. Interaction between microhabitat and stand age on viable seed numbers of Artemisia ordosica. Values within each microhabitat with the same superscript
letter not significantly different at P0.05. ( ), 42 years; ( ), 35 years; ( ), 26 years; ( ), 18 years; ( ), 12 years.
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this trend less prominent in soils from the dune plinth and inter-
dune basin respectively (Fig. 1).
4. Discussion
Different numbers of viable seeds of sand stabilizing species
observed in soils of different microhabitats may be attributable
primarily to two factors. The first is the biotic factor, which
includes morphological, anatomical, and physiological charac-
teristics of seeds and their relationship to animals (Reichman,
1984; Winn, 1985; Guo et al., 1998). The second is the abiotic
factor, which includes wind, rainfall, soil crust, soil structure and
physical forces (Roberts, 1992; Pugnaire and Lazaro, 2000).
In the present study, Artemisia ordosica, Artemisia sphaer-
ocephala, Calligonum mongolicum, Calligonum rubicundum
and Ceratoides ewersmanniana all displayed higher viable
seed numbers in soils on the dune crest. These results were
consistent with the survival performance of these cultivated
species (Ren et al., 2002b). This attributed to their deep-rooting
nature (Liu, 1985–1990), a feature allowing them to access
moisture from deeper soil horizons for survival, growth and
seed production (Ren et al., 2002b).
The combined action of wind, rainfall, topography and seed
morphological attributes (Gutterman, 1993) may explain why
numbers of viable seeds measured in soils from the inter-dune
basin were higher in this microhabitat in the majority of
species; these playing a crucial role in sand stabilization and
forming a basis for vegetation succession.
Limitations of the experimental technique applied to
determine viable seed bank densities in this study were the
exclusion of that fraction of seeds, which did not readily
germinate (Brown, 1992) due to a physiological imposed
dormancy. The inclusion of additional methods such as
floatation and soil sieving for enumeration of seed bank size
may distinguish the fraction of non-viable seeds. In addition,
seeds of different species possess different germination
requirements and therefore greenhouse conditions may not
have been ideal for some of the species examined (Ren et al.,
2002a). Periodic grazing and rehydration are main dormancy-
releasing mechanisms in many desert plant seeds andessentially were not ideally simulated in the greenhouse.
Despite these anomalies, seedling emergence still remains the
most practical technique for quantifying the composition and
abundance of reproductive propagules in soils (Gross, 1990;
Brown, 1992), although germination requirements may not be
met for all species (Ter Heerdt et al., 1999; Ren et al., 2002a).
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